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(54) HYDRAUUC POWER TRANSMISSION DEVICE 
(57)Abstract: 

PURPOSE: To stabilize the performance of a hydraulic power 
transmission device provided between an input shaft to be driven by a 
drive power source and an output shaft to which the power is 
transmitted from the input shaft. 

CONSTITUTION: A hydraulic power transmission device is provided with 
a cam member 8 which is integratedly rotated with an input shaft 4, a 
cylinder member which is integratedly rotated with an output shaft 5, 
and a piston member 16 which is reciprocatingly fitted to a piston 
chamber 15 provided on the cylinder member 14 and brought into 
slidable contact with a cam surface 18 of the cam member 8 through a 
rolling ball member 14, and the piston member 16 is reciprocated within 
the piston chamber 1 5 to discharge/suck the working oil through the 
relative rotation of the cam member 8 to the cylinder member 14. A 
hydraulic pressure setting means 31 to set the hydraulic pressure in the 
piston chamber 15 to the prescribed value is provided, and the condition 
of the relative rotation between the input shaft 4 and the output shaft 5 
is changed according to the set pressure by the hydraulic pressure 
setting means. 
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Concise Explanation of JP 8-284977 

From coliram 4, line 40 to column 9, line 48. 

5 [0017] 

[Embodiment] Here will be explained an embodiment in which the 
present invention is applied to a clutch arranged between an engine and a 
transmission of a vehicle. 

[0018] Fig. 1 is a sectional side view showing a hydraulic power 

10 transmission device 1 as one example of the invention. Fig. 2 is a front view of a 
right side section of the hydraulic power transmission device 1. Fig. 2 is drawn 
with a smaller scale than Fig. 1. 

[0019] As illustrated in Figs. 5 and 6, the hydraulic power transmission 
device 1 is interposed between an engine 2 and a transmission 3 of a vehicle, and 

15 used as a clutch carrying out and cutting off a power transmission from the engine 
2 to the transmission 3. 4 is a crank shaft of the engine 2, i.e., an output shaft of 
the engine 2, however, it is also an input element of the power transmission 
device 1. For this reason, 4 will be called as an input shaft hereinafter. In a 
similar way, although 5 is an input of the transmission 3, this is also an output 

20 element of the power transmission device 1. Therefore, for the same reason, 5 
will be called as an output shaft hereinafter. 

[0020] A disc-shaped drive plate 6 is integrally connected with an end 
face of the input shaft 4 by a bolt 7, and a cam member 8 is fixed with the drive 
plate 6. The cam member 8 comprises a cylindrical cam ring 9 arranged 

25 concentrically with the shafts 4 and 5, a disc-shaped installation plate 10 fixed on 
an end face of the input shaft 4 side of the cam ring 9, and a tank wall 12 forming a 
circular oil tank by connecting an end portion of the output shaft 5 side of the cam 
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ring 9 and an outer circumference of the installation plate 10 at an outer 
circumferential side of the cam ring 9. The cam meniber 8 is fixed with the input 
shaft 4 by fastening the disc-shaped installation plate 10 by bolts 13 along the 
drive plate 6, and the cam member 8 rotates integrally with the input shaft 4, 
5 [0021] On the other hand, a cylinder member 14 is connected the output 

shaft 5 through a splme, and cylinder member 14 rotates integrally with the 
output shaft 5 inside of the cam ring 9, A plurality of cylinder, ie., a piston 
chamber 15 is formed an on a circumferential face of the cylinder member 14 in a 
radial pattern and at even intervals. As can be seen from Fig. 2, according to the 

10 embodiment, nine piston chambCTS are arranged at the point of every 40 degrees* 
A piston 16 is inserted in each piston chamber 15 in a reciprocatory movable 
manner, and a ball 17 is rotatably moimted on a top portion of each piston 16 by 
caulking or the like. 

[0022] The ball 17 contacts rotatably with a cam face 18 formed on an 

15 inner circumferential face of the cam ring 9. As illustrated in Fig. 2, the cam face 
18 has a wavy surface and extends in the circumferential directioiL Li this 
embodiment, four pieces of segments having an identical profile whose iimer 
angle is 90** are combined to form the cam face 18. 

[0023] An opening of the cam ring 9 on the opposite side to the 

20 installation plate 10 is closed by a cover member 19 arranged between the cam 
ring 9 and the cylinder member 14. The cover member 19 is fixed with the cam 
ring 9 by a bolt 20, and a clearance between the cover member 19 and the cam 
ring 9 is sealed by the 0-ring 21. A clearance between the cover member 19 and 
the cylinder member 14 is also sealed by an oil seal 22. 23 is an oil seal retainer 

25 which is fixed with the cover member 19 by a bolt 24. 

[0024] Thus, a space enclosed by the cam ring 9, the cylinder member 14, 
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the installation plate 10 and the cover member 19, i,e., a cylinder chamber 25 is 
formed inside of the cam ring 9. This cylinder chamber 25 is commimicated with 
the oil tank 11 through a communicating hole 26 formed in the cam ring 9« 
Those cylinder chamber 25 and oil tank 11 are filled with the oil, but they have a 
5 complete sealed structure. Therefore, the oil filled therein is separated firom 
other hydraulic circuit and establishes an independent hydraulic systenL 27 is a 
drain bolt detachably fixed with the tank wall 12, 

[0025] Each piston chamber 15 is communicated with the cylinder 
chamber 25 through a suction inlet 28 and a discharging outlet 29. The suction 

10 inlet 28 is provided with a suction one-way valve 30, and the discharging outlet 29 
is provided with an oil pressure setting devise 31* When the input shaft 4 and 
the output shaft 5 rotates relatively, the ball 17 slides along the cam face 18, and 
the piston 16 reciprocates in the piston chamber 15 in accordance witii a surface 
profile of the cam face 18. At a suction step in which the piston 16 comes out of 

15 the piston chamber 15, the suction one-way valve 30 opens so that the oil in the 
cylinder chaniber 25 is sucked into the piston chamber 15 via the suction inlet 28. 
Then, at a discharging step, the suction one-way valve 30 closes, and the 
discharging outlet 29 is closed by the oil pressiure setting devise 31 imtil the 
pressure in the piston chaniber 15 reaches a set pressure. Therefore, the oil in 

20 the piston chamber 15 is pressurized to the set pressure. 

[0026] In order to let the oil being sucked into the piston chamber 15 
throu^ the suction inlet 28 at the suction step, it is necessary to expand the 
piston chamber 15 to the predet^mined value. For this purpose, it is necessary 
to have the ball 17 not to be detached from the cam face 18. However, at the 

25 suction step, a force to push the ball 17 to the cam face 18 will not act. For this 
reason, in the conventional art, the ball 17 is pushed to the cam face 18 by a 
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spring, or the oil in the cylinder chamber 25 is pressurized in advance. This 
makes the device big. In order to solve such problem, the following means is 
enq)loyed in this embodiment. 

[0027] As shown in Fig. 1, a ring shaped cam guide member 32 is fixed to 

5 a side face of the installation plate 10 of the cam member 8 facing to the cylinder 
chamber 25. An outer drcuraferential face of the cam guide member 32 is a cam 
guide face 33 having a profile similar to that of the cam face 18. Specifically, as 
shown in Fig. 2, the cam face 18 and the cam guide face 33 are in parallel with 
each other, and a guide groove 34 having a constant width is formed entire 

10 cirxnmrference therebetween. Also, a cam guide member 32a is formed on the 
cover member 19, and a guide groove 34a is formed between the cam guide 
meniber 32a and the cam ring 9. 

[0028] As illustrated in Fig. 3, a piston 16 is provided with the rotatable 
ball 17 as a cam follower on its top portion. A piston guide member 35 is fitted 

15 slidably to the piston 16 in the axial direction. Meanwhile, a flange portion 36 is 
formed on a dicimnferential edge of the ball 17 side of the piston 16, and the 
piston 16 is supported by fitting the piston guide member 35 to the flange portion 
36. 

[0029] An erecting piece 35a is integrally formed on both ends of the 
20 piston guide member 35 diametrically opposed to each other, and a pin 37 is 
mounted on the erecting piece 35a to protrude outwardly in a radial direction of 
the piston 16. Also, a piston guide roller 38 is fixed to the protruding portion pf 
the pin 37 in an axial direction by a clip 39. The piston guide roller 38 comprises 
a bearing 40 and rotatable aroimd pin 37. 
25 [0030] As shown in Fig. 1, each piston guide roller 38 thus arranged on 

both sides of the top portion of the piston 16 through the piston guide member 35 
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is fitted to the guide grooves 34 and 34a. When the piston 16 rotates together 
with the cylinder member 14 relatively to the cam meniber 8, the piston guide 
roller 38 runs along the guide grooves 34 and 34a while rolling on the cam guide 
face 33. 

5 [0031] In this period, the piston 16 discharges and sucks the oil while 

reciprocating within the piston chamber 15, and the procedure shifts from a 
discharging step pushing the piston 16 into the piston chamber 15 by pushing the 
piston 16 by the cam face 18 throu^ the ball 17, to a suction step. Even when 
the cam face moves away from the ball 17, since the piston guide roller 38 is 

10 guided by a cam guide face 38 in parallel with the cam face 18, the piston 16 is 
kept to move along the cam face 18 and turns back from the piston chamber 15. 
Therefore, the piston 16 preferably follows the cam fece 18 at any time so that the 
oil can be discharged and sucked smoothly. 

[0032] Next, the oil pressure setting devise 31 will be described 

15 hereinafter. The oil pressure setting devise 31 is provided to each piston 
chamber 15, and arranged on the radially inward side of the cylinder member 14 
and in parallel with the output shaft 5. Each oil pressure setting devise 31 
comprises a main relief valve 41, a pilot relief valve 42 and a release bearing 43 
(Fig. 4, 5 and 6). 

20 [0033] The main relief valve 41 has a bottomed-cylindrical shape, and 

fitted slidably into a guide hole 44 formed on the cylinder member 14. A convex 
portion formed on the bottom portion covcts the discharging outlet 29 of the 
piston chamber 15. A small hole 45 in the main relief valve 41 is communicated 
with the piston chamber 15. 

25 [0034] The pilot relief valve 42 has a bottomed-cylindrical case member 

46 which is fixed to the cylinder member 14 in the back of the main relief valve 41. 
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The pilot relief valve 42 pushes the convex portion 41a of the main relief valve 41 
to the discharging outlet 29 through the spring 47 interposed between the outer 
face of the bottom portion and the inner face of the main relief valve 41. There 
is formed a small hole 48 in the center of the bottom portion of the case member 

5 46, A valve body 49 opening^closing the small hole 48, and a retainer 51 pushing 
the valve body 49 to the small hole 48 through a spring 50 are accommodated in 
the cylindrical portion in a slidable manner. An other end portion of the retainer 
51 penetrates an end wall piece 46a closing the opening of the case member 46 
and faces to the outside. The iimer portion of the case member 46 is 

10 communicated with the cylinder chamber 25 through oil passages 52a and 52b 
formed in the case member 46and the cylinder member 14. 

[0035] As illustrated in Fig4, the release bearing 43 has a circular body, 
and comprises: a rotating circular plate 53, which is mounted or abuts on the 
protruding end portion of the retainer 51, and which can rotate together with the 

15 cylinder member 14; and a needle bearing 55 interposed between a non-rotating 
circular plate 54 and both of circular plates 53 and 54. As explained hereafter, 
the non-rotating circular plate 54 is held by an appropriate driving mentiber and it 
does not rotate. The release bearing 43 is capable of moving between the 
position shown in the upper part of Fig. 1 and Fig. 5 where the retainer 51 is 

20 pushed into the case member 46, and the releasing position shown in the lowex 
part of Fig. 1 and Fig. 6 where the retainer 51 is protmded from the case member 
46 by the spring 50. 

[0036] At the discharging step of the piston 16, the pressure in the guide 
hole 44 commtmicating with the piston chamber 15 through the small hole 45 is 

25 equal to the pressure in the piston chamber 15. When this pressure overwhebns 
the elastic force of the spring 50 so that the valve body 49 is moved backwardly to 
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\ , open the small hole 48, the oil in the guide hole 44 flows to the cylinder chamber 

/ 25 via the small hole 48, and the oil passages 52a and 52b. Therefore, the oil 

flows from the piston chamber 15 to the guide hole 44 though the small hole 45, 
and the main relief valve 41 is moved to open the discharging outlet 29 by the 
5 pressure difference between the piston chamber 15 and the guide hole 44. 
When the pressures in the cylinder chamber 15 and in the guide hole 44 are thus 
lowered so that the valve body 49 closes the small hole 48 by the elastic force of 
the spring 50, the pressures in the piston chamber 15 and the guide hole 44 are 
equalized so that the main relief valve 41 closes the discharging outlet 29 by the 
10 elastic force of the spring 47. 

[0037] Thus, at the discharging step, the inner pressure of the piston 
chamber 15 set to a predetermined value determined by the spring 50. The 
piston 16 is pushed to the cam face 18 by this pressure, and the torque according 
to said pressure can be transmitted between the piston 16 and the cam face 18. 
• 15 If this transmittable torque is laiger than a resistance torque of the output shaft 5 
side, the cam member 8 and the cylinder member 14, i.e., the input shaft 4 and 
the output shaft 5 do not rotate relatively but rotates integrally. In contrast, if 
the resistance torque of the output shaft 5 side exceeds said transmittable torque, 
the input shaft 4 and the output shaft 5 rotate relatively to prevent from 
20 transmitting the toque excessively. 

[0038] When the relief bearing 43 is at the aforementioned position 
where the retainer 51 is pushed into the case member 46, the spring 50 is 
compressed so that it applies a strong elastic force to the valve body 49. As a 
result, the piston chamber 15 is set to a high pressure. On the other hand, when 
25 the relief bearing 43 is at the relief position, the spring 50 is elongated so that the 
elastic force applied to the valve body 49 is weakened. As a result, the piston 
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chamber 15 is set to a low pressure* 

[0039] Therefore, given that the pressure of the piston chamber 15 for 
the case of pushing the release bearing 43 is set to a value which can transmit the 
torque sufficiently from the input shaft 4 to the output shaft 5, and that the 
pressure of the piston chamber 15 for the case in which the release bearing 43 is 
at the release position is set to a sufficiently small value in which a transmittable 
torque is smaller than a resistance torque by the device itself on the output shaft 
5 side, it is possible to use the hydraulic power transmission device 1 as a clutch 
arranged e,g«, between an engine and a transmission. 

[0040] Figs. 7 and 8 are diagrammatic drawings showing the hydraulic 
power transmission device 1 used as a clutch and interposed between the 
hydraulic power transmission device 1 and the transmission 3. In Figs. 7 and 8, 
each part of the hydraulic power transmisision device 1 is allotted a referential 
numeral and each oil flow in the hydraulic power transmission device 1 is 
illustrated as a straight line. Specifically, the oil flows between a plurality of the 
piston chambers 15 and the cylinder chambers 25, through the suction inlet 28 
having a suction one-way valve 30 and the discharging outlet 29 having a main 
relief valve 41. Here, 56 represents a wheel of the vehicle, 57 represents an 
axle, and 58 represents a differential mechanism. 

[0041] In Fig. 7, the release bearing 43 engages with a one end of the 
lever member 60 oscillating around a supporting point 59. The release bearing 
43 occupies the release position when the lever member 60 is positioned on the 
solid line, and occupies the aforementioned position where the retainer 51 is 
pushed into the case member 46 when the lever member 60 is positioned on the 
broken line 60\ The cylinder member 61 capable of elongating and contracting 
engages with an other end of the lever member 60. Therefore, a hydraulic signal 
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^4^^ a is inputted to the cylinder member 61 from the clutch by operating a not shown 

clutch pedal, and the cylinder member 61 is elongated to move the lever member 
60 to the position illustrated by the broken line. For this reason, connection and 
disconnection of the clutch is carried out manually by the clutch pedal. 

5 [0042] In Fig. 8, the release bearing 43 is driven by the motor 62 to 

reciprocate between the release position and the position where the retainer 51 is 
pushed into the case member 46. The motor 62 is operated by a driving signal d 
in accordance with a various signals b from the enghie 2, a shift position signal c 
and so oil Thus, the clutch is connected and disconnected automatically in 

10 accordance with the driving condition of the vehicle. 

[0043] As explained above, the relative rotation limiting performance can 
be stabilized by controlling the pressure in the piston chamber 15 directly by the 
oil pressure setting devise 31. In addition, the oil pressure setting devise 31 is 
provided to the individual piston chamber 15 so that each valve member can be 

15 downsized and that the oil pressure setting devise 3 1 itself can also be downsized. 

[0044] Further, there is formed a capacity regulating space 64 for coping 
with an imbalance of discharging and suction of the oil between the piston 
chamber 15 and the cylinder chamber 25 and coping with a change in a volume of 
the reserved oil resulting frxjm thermal expansion. The capacity regulating 

20 space 64 is formed by arranging the oil pressure setting devise 31 thus downsized 
outside of the output shaft 5 in a circular manner, so as to arrange the end 
portions of the output shaft 5 and the input shaft 4 sufficiently close to each other 
on a common axis, and to conmiunicate the inside of the output shaft 5 with the 
cylinder chamber 25. 

25 [0045] This capacity regulating space 64 is arranged in the output shaft 5 

in a slidable manner and defined by a capacity regulating valve 66 energized by 
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the spring 65. The capacity regulating space 64 is enlarged and contracted by a 
slide movement of the capacity regulating valve 66 in the output shaft 5 so as to 
regulate the capacity according to a change in the volume of the oil. Therefore, 
the oil in the cylinder chamber 25 and in the oil tank 11 is kept to the 
predetermined pressure. 
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